Western Michigan University

ScholarWorks at WMU
Master's Theses

Graduate College

12-1966

Nickelous Nitrate Hexahydrate and Its Effect on Reproduction in
the Mouse
Marvin R. Guthaus

Follow this and additional works at: https://scholarworks.wmich.edu/masters_theses
Part of the Anatomy Commons, and the Veterinary Physiology Commons

Recommended Citation
Guthaus, Marvin R., "Nickelous Nitrate Hexahydrate and Its Effect on Reproduction in the Mouse" (1966).
Master's Theses. 3261.
https://scholarworks.wmich.edu/masters_theses/3261

This Masters Thesis-Open Access is brought to you for
free and open access by the Graduate College at
ScholarWorks at WMU. It has been accepted for inclusion
in Master's Theses by an authorized administrator of
ScholarWorks at WMU. For more information, please
contact wmu-scholarworks@wmich.edu.

NICKELOUS NITRATE HEXAHYDRATE AND ITS EFFECT ON
REPRODUCTION IN THE MOUSE

by
Marvin R. Guthaus

A Thesis submitted to the
Faculty of the School of Graduate
Studies in partial fulfillment
of the
Degree of Master of Arts

Western Michigan University
Kalamazoo, Michigan
December 1966

R eproduced with permission of the copyright owner. Further reproduction prohibited without permission.

ACKNOWLEDGMENTS
I wish to express my appreciation to Doctors Wood,
Duncan and Ericsson, my committee, for their counsel; to
The Upjohn Company for providing cages, mice, and histo
logical sections; to Doctor J. Schultz of The Upjohn Company
for the statistical analysis of the data in this report; to
my son David for his help in maintaining the mice in this
study; and to the many others who have encouraged and sup
ported this work.
Marvin R. Guthaus

R eproduced with permission of the copyright owner. Further reproduction prohibited without permission.

MASTER'S THESIS

M-1167

GUTHAUS, M arvin R.
NICKELOUS NITRATE HEXAHYDRATE AND ITS EFFECT
ON REPRODUCTION IN TH E MOUSE.
Western Michigan U niversity, M .A ., 1967
Physiology

University Microfilms, Inc., Ann Arbor, Michigan

R eproduced with permission of the copyright owner. Further reproduction prohibited without permission.

TABLE OF CONTENTS
Page

List of Tables and Figures..........................

1

Introduction.......................................

3

Review of the Literature............................

4

Materials and Methods...............................

8

Results and Discussion..............................

14

S ummary and Conclusion........................

40

Literature Cited....................................

43

Appendix...........................................

46

R eproduced with permission of the copyright owner. Further reproduction prohibited without permission.

LIST OF TABLES AND FIGURES
Tables
1.

2.

3.

4.

5.

6.

7.

8.

Page

The LD_n of nickel cation administered intraperitoneally to male and female Rockland
albino mice as measured by death in 24 hours.

15

The
°f nickel cation chronically ad
ministered subcutaneously in the suprascapulary region to male and female Rockland
albino mice as measured by death in 20 days.

16

The LDcq °f nickel cation chronically admin
istered in drinking water to male and female
Rockland albino mice as measured by death in
24 days.

17

Experiment one: The effect of orally ingested
nickel cation on the reproductive efficiency
of monogamous pairs of Rockland albino mice.

20

Experiment two: The effect of subcutaneously
injected nickel cation on the reproductive
efficiency of monogamous pairs of Rockland
albino mice.

22-23

Experiment one: The fertility of second
generation mice continuously exposed from
conception to adulthood to the same oral
nickel treatment as their parents.

35

Nickel content in milligrams per gram of pups
of orally treated and untreated adults in
experiment one.

37

Nickel content in milligrams per gram of
orally treated animals and of a control
animal in experiment one.

38

Figures
1.

Histological section of the testis of an
untreated Rockland albino mouse.
(X260).

1

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

2

P age

2.

3.

4.

5.

6.

Histological section of the ovary of an
untreated Rockland albino mouse.
(X260).

28

Histological section of the testis of a
subcutaneously treated Rockland albino
mouse.
(X260).

29

Histological section of the ovary of a
subcutaneously treated Rockland albino
mouse.
(X260).

30

Histological section of the testis of an
orally treated Rockland albino mouse.
(X260).

31

Histological section of the ovary of an
orally treated Rockland albino mouse.
(X260).

32

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

INTRODUCTION
Trace elements in plants and animals were discovered over
one hundred years ago.

Because of their ubiguity, opinion was

divided for many years over whether their presence was acciden
tal or essential to plants and animals.

In the early part of

this century various diseases in livestock ascribable to their
absence began to be reported.

The voluminous literature regard

ing the role of trace elements in mammalian nutrition has been
thoroughly reviewed by Underwood (1962).
Reports of the effects of cadmium, copper, iron, molybdenum,
nickel and zinc upon mammalian reproduction began to appear in
the second decade of this century.

Of these, cadmium, copper

and zinc have been the most intensively studied while nickel
has been one of the least studied.

Despite the wide distribu

tion of nickel in nature (McHargue, 1925) there is a paucity of
data on the effects of nickel on mammalian reproduction.

It

was decided, therefore, to examine the influence of this cation
as nickelous nitrate hexahydrate upon the reproductive ef
ficiency of the parental and

generations when chronically

administered systemically to male and female Rockland albino
mice.

3
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REVIEW OF THE LITERATURE
In 1936 Fevold and co-workers induced ovulation in rabbits
with intravenously injected extracts of brewer's yeast.

At

that time they were investigating the effect of various prepa
rations upon the gonad stimulating action of pituitary extracts.
Qualitative analysis of the yeast ash indicated a considerable
copper content.

Intravenous injections of copper salts into

rabbits produced ovulation just as did the extracts of brewer's
yeast.

They hypothesized that the cation catalyzed the syn

ergistic action between FSH and LH.

This effect has been sub

sequently verified by others (Sawyer and Markee, 1950; Suzuki,
et al., 1965) without clarifying the mode of action.

Ovulation

induced in the rabbit by cupric sulfate implants in the pos
terior median eminence led Hiroi, et al. (1965) to postulate
that the implants act on a mechanism there.
Acute testicular atrophy in the rabbit due to cadmium was
reported by Hessel in 1926.

Despite this early report, it was

not until 1956~ that interest in the effects of cadmium on mam
malian gonads developed.

At this time Parizek and Zabor (1956)

were investigating the effect of cadmium on protein metabolism.
They incidentally observed that cadmium chloride administered
subcutaneously to rats produced testicular atrophy.

Subse

quently this effect on the testes of rats and mice has been
4
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confirmed by others and was reviewed by Gunn, et al. (1965).
Cadmium chloride injected directly into the ovaries of
guinea-pigs and goats results in irreversible sterilization of
the ovaries (Chatterjee and Kar, 1965; Kar, 1965).

The ovaries

of adult rats are resistant to subcutaneously injected cadmium
while a single subcutaneous injection of cadmium causes marked
but transient degenerative changes in the ovaries of prepubertal
female rats (Kar and Das, 1962).
In screening 42 metal salts for antitesticular activity in
rats and mice, Kamboj and Kar (1964) observed that intratesticular injections of 15 of the salts caused acute and irreversible
testicular atrophy in the rat.

Twenty of the salts were admin

istered subcutaneously to mice and did not produce necrotic
changes in the testes.

Salts of aluminum, bismuth, chromium,

lanthanum, nickel, osmium, platinum and silver caused spermatogenic arrest at the primary spermatocyte or spermatogonial
stages when injected subcutaneously for 30 days.
Jeter and Davis (1954), investigating the toxic effects of
molybdenum, fed a 700 ppm dietary supplement of molybdenum as
sodium molybdate to mature virgin rats for 10 days and observed
that this cation made the estrus cycles irregular.

Male rats

fed a supplement of 80 or 140 ppm from weaning to maturity
showed seminiferous tubule degeneration.
The reports that zinc is a normal constituent of the male

R eproduced with permission of the copyright owner. Further reproduction prohibited without permission.

sex organs and semen have been reviewed by Vallee (1959) and
Gunn, et al. (1963a).

Parizek (1957) and Gunn, et al. (1961,

1963b) reported that zinc injected simultaneously with cadmium
temporarily prevents testicular destruction.
The influence of nickel on mammals and especially upon
mammalian testes and ovaries has not been studied as ex
tensively as the cations discussed above.

Underwood (1956)

in his review of the literature regarding nickel reported that
it is not an essential animal nutriment and that its toxicity
is low.

However, absorption and excretion studies (Wase, et

al., 1954; Schroeder, et al., 1963, 1964) as well as an antitesticular study (Kamboj and Kar, 1964) with nickel salts have
been reported.
Wase, et al. (1954) reported that intraperitoneally in
jected nickel was widely distributed in the mouse.

Highest

concentrations recovered were in the lungs, kidneys, and plasma
The gonads were not analyzed.
in the feces.

Most of the nickel was excreted

The presence of orally ingested nickel has been

demonstrated by Schroeder and co-workers (1963, 1964) in all
the major tissues of the mouse including the testes and ovaries
They also reported, on the basis of one analysis, that nickel
crossed the placental barrier.
According to Kamboj and Kar (1964) daily subcutaneous in
jections of 0.08 millimoles of nickel (as nickel nitrate) per

R eproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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kilogram of body weight for 30 days has an antitesticular
effect in the mouse:

testicular weight was reduced, the semi

niferous tubules shrank and spermatogenesis was arrested at
the primary spermatocyte or spermatogonial stages.

The in

ters titium, however, was not affected.
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MATERIALS AND METHODS
Throughout this study mature male and female Rockland
albino mice (Upjohn strain) were used.

The average initial

body weights of the males and females were 24.8 and 23.3 grams
respectively.
All of the mice were housed in a ventilated room shared
with a colony of rats, mice, and ducks. The photoperiod was
a constant 12 hours of light and 12 hours of darkness.

The

average temperature was 25 C.
The mice were housed in racks of 42 cages, each cage
measuring 5x8x4 inches.

In the reproductive studies one male-

female pair of mice were assigned to each cage.

Nesting ma

terial was provided, as pregnant animals approached term, by
placing a fine screen over the inside floor of the cage and
covering it with cedar chips.
Animals were fed mice chow (Wayne Lab-Blox) ad libitum
which contained 0.001 milligrams of nickel per gram.

The

drinking water and the water used for the orally ingested
nickel solutions was Kalamazoo City tap water which contained
0.001 milligrams of nickel per milliliter.

Distilled water

was the vehicle for the nickel solutions administered sub
cutaneously and was not analyzed for nickel.

8
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All analyses in this study were performed according to
the colorimetric procedure of Sandell (1959).

In this pro

cedure, the samples were first digested with nitric and per
chloric acids.

The color was then developed with dimethyl-

glyoxime and the absorbance determined at 465 millimicrons on
a Hitachi Perkin-Elmer 139 UV-Vis spectrophotometer.
Nickelous Nitrate Hexahydrate AS. (Baker) which contains
20.1 per cent nickel was the source of nickel cation used in
this study.

All solutions used in this study were made to con

tain the desired concentrations of nickel in milligrams per
kilogram of body weight.

Thus, mice receiving 50 and 200

milligrams of nickel per kilogram of body weight per five mil
liters of drinking water ingested approximately 2.22 and 8.88
milligrams of nickel per day.

Mice given subcutaneous in

jections of three milligrams of nickel per kilogram of body
weight received 0.085 milligrams per day.
Prior to the reproductive studies and simultaneous with
the toxicity studies, the body weights of sixty male-female
pairs of untreated mice and their food and water consumption
were determined once a week for four weeks to provide base
line data.
The toxicity studies of nickel consisted of one acute and
two subacute lethal dose 50 (LDCrt) tests.
5U

LD_rt tests are
50

designed to determine the dose of a substance, in this in-
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stance nickel, that will kill half of a group of test animals
in a designated time interval.

The end point in the acute

test was death within 24 hours, while the end point in one sub
acute test was death within 20 days and in the other, death
within 24 days.
arbitrary.

The selection of these time intervals was

The difference in response between the sexes of

the mice was also tested.
The

tests were calculated by the Spearman Karber

method (Finney, 1964).

In this method the calculation is made

by taking the log of the highest dosage that completely kills
all of the animals plus half of the log of the interval be
tween each dose.

This is subtracted from the quotient of the

log of the dose interval multiplied by the sum of the responses
at each dosage level divided by the number of subjects.

The

antilog of this value is the
The acute test (test one) was performed with intraperitoneal injections of 10, 12.5, 16, 20, 25, 32, and 40 milli
grams of nickel per kilogram of body weight.
of each sex, were
One subacute

Ten mice, five

used at each dosage level.
test (test two) wasperformed with

supra-

scapulary subcutaneous injections of 1, 2, 3, 4, 5, 10, and
15 milligrams of nickel per kilogram of body weight for 20
days.
level.

Four mice,
The other

two of each sex, were used at each

dosage

subacute test (test three) was performed by
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presenting ad libitum as drinking water solutions containing
4.44, 8.88, 13.32, 17.76, 26.64, 35.52, and 44.44 milligrams
of nickel per milliliter per day for 24 days.

Four mice, two

of each sex were used at each dosage level.
Following the toxicity studies two separate reproductive
experiments utilizing proven fertile pairs of mice were con
ducted.

The end points measured were litter size, birth

weight, secondary sex ratio, the interval between deliveries,
and the number of pairs that littered twice under treatment.
The secondary sex ratio is the number of males to females at
birth.

This ratio per litter was determined within 24 hours

postpartum.
females.

In males the genital papilla is larger than in

The distance between the papilla and the anus is

larger in males than females.

Combining these two criteria

the sexes were easily distinguished (Wilson and Warkany, 1965).
Pretreatment fertility was determined by housing a male
and a virgin female together until parturition.

Throughout

this report this is designated as the fertility test litter.
After littering each pair was transferred by random assortment
to a treatment group in either experiment.

Random assortment

in the oral experiment was made by dividing 62 pairs of animals
into three treatment groups on cards, shuffling the deck, and
as each pair littered the top card of the resulting deck was
removed.

The designation on it determined the treatment of

R eproduced with permission of the copyright owner. Further reproduction prohibited without permission.

that pair of mice.

For experiment one, two of the three treat

ment groups received solutions, ad libitum as drinking water,
of 2.22 or 8.88 milligrams of nickel per milliliter and one
group received Kalamazoo City tap water.

There were 21 pairs

in the control group, 20 in the 2.22 milligram group, and 21
in the 8.88 milligram group.

The treatment period extended

throughout two litters or an average of 56 days following the
pretreatment fertility test litter.
For experiment two, random assortment into three treat
ment groups in the subcutaneous test was similarly performed.
Three milligrams of nickel per kilogram (0.085 milligrams per
mouse) were injected subcutaneously into the suprascapularjT
region once every 24 hours between five and seven P.M.
ment was started following the fertility test litter.

Treat
In the

females the treatment period was ten consecutive days imme
diately postpartum and in the males continuously for 90 days.
Brother-sister pairs, six from the control group and
seven from each test group, were randomly selected from the
second treatment litter of orally treated mice for second
generation fertility studies.

Random selection was made by

marking six of the control group cards and seven of each of
the test group cards with an M for maturation when the deck of
cards was originally set up.

All second generation pairs were

conceived, nursed, and weaned by an adult pair on continuous
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treatment.

At weaning the first male and female pair of pups

caught was placed on the same treatment as its parents and al
lowed to mate and litter.
The resulting data from the two reproductive experiments
were analyzed statistically by the Chi-square and _t tests at
P<0.05.

All confidence intervals presented are for the 95 per

cent level.
The absorption and distribution of orally ingested nickel
in the first reproductive experiment were determined by the
method of Sandell (1959).

Analyses of the following were made:

whole 24 hour old pups, the lungs, heart, liver, spleen, kid
neys, and the gonads of adult males and females, and the fetuses
and placentas of pregnant mice.
analyzed.

An untreated male was also

In addition, the nickel content of the tap water and

mouse chow used was also determined.
Following the treatment period, the gonads of six pairs
of orally treated mice and of nine male and eight female sub
cutaneously treated mice were fixed in Bouin's solution,
sectioned on a microtome set at five microns, and stained with
hematoxylin and eosin.

The gonads of three males and six

females of the oral control group and four males and three
females of the injection control group were similarily fixed,
sectioned and stained.
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RESULTS AND DISCUSSION
Baseline studies were run to establish pretreatment
norms for this strain of mice under the conditions of the ex
periment.

The average weight of the males was 29.5 grams and

of the females was 27.2 grams.

The average amount of food and

water consumed per pair per week was 34.7 grams and 110.5
milliliters, respectively.
LD50 determinations (toxicity studies) of nickel cation
were made for two purposes:

1) to detect possible differences

in toxic response between the sexes of the mice and 2) to
establish relatively safe dosages of nickel for the repro
ductive experiments.

Three tests were performed:

intraperitoneal

test two, subcutaneous H^gj anc* test

three, oral LD^.

test one,

The results in tests one, two, and three

were 21.7 (18.3-25.0), 3.6 (3.0-4.2), and 350 (234.5-465.5)
milligrams per kilogram of body weight or 0.61, 0.10, and
15.5 milligrams per mouse per day, respectively (Tables 1-3).
The standard error of the mean of the LDr^ values for the
50
males and females alone and for the sexes combined were es
sentially the same within each test.

There was no apparent

difference in toxic response between the sexes of the mice to
nickel cation in these tests.

14
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Table 1. The LD^o
nickel cation administered intraperitoneally to male and female Rockland albino mice as measured
by death in 24 hours.

Mortality rates
Dose: mg/
kg of body
wt.

sexes
combined

males
alone

40

10/10

5/5

5/5

32

8/10

4/5

4/5

25

7/10

4/5

3/5

20

6/10

3/5

3/5

16

3/10

2/5

1/5

12

1/10

1/5

0/5

10

0/4

0/4

LDr. =
50

LD_„
50

21.7 (18.325.0)

20.4 (15.525.3)

females
alone

—

IT)
=
50
23.0 (
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Table 2. The
of nickel cation chronically administered
subcutaneously in the suprascapulary region to male and female
Rockland albino mice as measured by death in 20 days.

Mortality rates
Dose: mg/
kg of body
wt/day

sexes
combined

males
alone

females
alone

15

4/4

2/2

2/2

10

4/4

2/2

2/2

5

4/4

2/2

2/2

4

6/9

1/4

5/5

3

1/4

0/2

1/2

2

0/4

0/2

0/2

1

0/4

0/2

0/2

50

“ >50 =

“ so"
3.6 (3.04.2)

LD

4.3 (3.84.8)

3.0 (2.04.0)
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Table 3. The 1*D^q of nickel cation chronically administered
in drinking water to male and female Rockland albino mice
as measured by death in 24 days.

Mortality rates
Dose: mg/
mouse/
day

sexes
combined

males
alone

females
alone

44.44

4/4

2/2

2/2

35.52

4/4

2/2

2/2

26.64

3/4

2/2

1/2

17.76

4/4

2/2

2/2

13.32

2/4

2/2

0/2

8.88

0/4

0/2

0/2

4.44

0/4

0/2

0/2

LD50 =

LD

50

LD

50

15.54

11.10

19.98

(10.5220.88)

Standard
error of
the mean
= 0

(11.1028.86)
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While the exact mechanism by which subcutaneously in
jected cadmium produces seminiferous tubule degeneration is
not known, a direct effect upon the testes seems most likely
(Waites and Setchell, 1966).

This may account for the sex

specific effect of cadmium salts subcutaneously administered
to mature male and female mice.

Since no apparent sex

specific effect of nickel was observed by these three toxicity
tests, reproductive experiments were next performed.
The dosages selected for the reproductive experiments
were set after examining the

values and were 2.22 and

8.88 milligrams per mouse per day orally for the first ex
periment and 0.085 milligrams per mouse per day subcutaneously
for the second experiment.

Since the parameters used for

measuring response in both experiments were the same, the re
sults of both will be presented together.
The parameters litter size, weight, and secondary sex
ratio were used to test the effect of nickel upon placentation
)

and fetal sexual development.

Since cadmium chloride injected

subcutaneously in pregnant Swiss albino mice between day one
and seven arrested implantation (Chiquone, 1965), it was hy
pothesized that the oral and subcutaneous administration of
nickel solutions to pregnant mice might arrest implantation.
The ability of subcutaneously injected cadmium to sterilize
adult male rats (Gunn, et al., 1965) and to cause transient
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degenerative changes in the ovaries of prepubertal rats (Kar
and Das, 1962).led to the hypothesis that nickel might also
interfere with fetal sexual development.

The effect of nickel

upon implantation should be evidenced by a decrease in litter
size and weight.

Differential fetal sexual development re

sponses would be observed in a change in the secondary sex
ratio and in the fertility of pups raised to maturity.

The

results are as follows:
The average litter size, in experiment one, of litters
one and two of the control group was 10.1 + 0.74 and 10.2 +
0.91 pups.

The pairs receiving 2.22 and 8.88 milligrams of

nickel per day per mouse had an average of 10.9 + 0.84 and
12.0 + 0.58 and 10.3 + 0.71 and 9.9 + 0.86 pups respectively in
the corresponding litters.

The average number of newborn in

each litter in the two treatment groups was not significantly
different from those in the corresponding litters in the con
trol group as calculated by the J:-test at P <0.05.

The _t value

for litters one and two of the first treatment group were
0.7650 and 0.2373 (df 35 and 29) and 0.1854 and 0.1037 (df 37
and 28) in the second treatment group, respectively (Table 4).
In experiment two, the average litter size sired by the
control males in litters one and two was 11.3 + 1.2 and 11.8 +
1.4 pups and those delivered by the control females were 11.0 +
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Table 4. Experiment One: The effect of orally ingested nickel cation on the
reproductive efficiency of monogamous pairs of Rockland albino mice.
Litter
number

Dose: mg/
mouse/day

Number
of pairs
littering

Mean
litter
size

Mean
litter wt.
at birth in
gms.

Secondary
sex ratio
males:females

Mean
interval in
days between
litters

1

Control

19/21*

10.1+0.74

17.5+1.5

31.2+4.0

2.22

18/20*

10.9+0.84*

17.3+1.5*

8.88

20/21*

10.3+0.71**

17.5+1.0**

103:77
(1.0:0.75)*
98:94
(1.0:0.96)*
101:86
(1.0:0.85)*

Control

17/20++

10.2+0.91

16.6+1.6

2.22

16/17++

12.0+0.58+

20.4+1.1+

8.88

17/18*

2

= 0.47*
(df 2)
2
++
X = 1.36
(df 2)

9.9+0.86++
t =
(df
t =
(df
t =
(df
t =
(df

0.7650*
35)
0.1854**
37)
0.2373
29)
0.1037
28)

16.6+1. 5 ^
t =
(df
t =
(df
t =
(df
t =
(df

0.1265*
34)
0.1150**
34)
1.9347
29>
++
0.0075
28)

88:77
++
(1.0:0.88)
96:81
(1.0:0.85)
96:83
(1.0:0.87)
X2 = 5.50*
(df 2)
2
++
X = 0.02
(df 2)

35.0+5.2*
25.2+1.7**
25.5+2.3
25.1+1.8+
27.3+2.7++
t =
(df
t =
(df
t: =
'(df
t =
(df

0.6986*
35)
1.3746*
35)
0.1385
30)
0.5455
32)

to

o

21

1.7 and 11.5 + 1.9 pups.

The male treatment group receiving

0.085 milligrams of nickel per day subcutaneously had an
average of 9.6 + 0.94 and 8.9 + 0.83 pups in litters one and
two.

The female treatment group receiving 0.085 milligrams of

nickel per day for 10 days immediately following parturition
delivered 9.1 + 0.56 and 9.3 + 0.61 pups in litters one and
two.

The data of the male and female treatment groups compared

with the male and female control groups by the _t-test at
P <0.05 were not significantly different.

The _t values for

litters one and two in the male treatment group were 0.8195
and 1.9081 (df 18 and 15) and 1.4269 and 1.5100 (df 16 and 14)
in the female treatment group, respectively (Table 5).
The average litter weights, in experiment one, of litters
one and two of the control group were 17.5 + 1.5 and 16.6 + 1.6
grams respectively.

The pairs receiving 2.22 and 8.88 milli

grams of nickel per day per mouse had an average of 17,3 + 1.5
and 20.4 + 1.1 and 17.5 + 1.0 and 16.6 + 1.5 grams respectively
in the corresponding litters.

The J:-test for the two treatment

group litters compared with the controls were not significant
at P <0.05.

The jt values were 0.1265 and 1.9347 (df 34 and

29) and 0.1150 and 0.0075 (df 34 and 28), respectively, in
litters one and two of the first and second treatment groups
(Table 4).
In experiment two, the average litter weights of the male
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Table 5. Experiment Two: The effect of subcutaneously injected nickel
cation on the reproductive efficiency of monogamous pairs of Rockland
albino mice.
Litter
number

Dose:
mg/mouse/
day

1

Males:
Control
0.085

Females:
Control
0.085

Number of
pairs
littering

4/4
16/16*

4/4
14/14**

Mean
litter
size

Mean
litter wt.
at birth
in gms

Secondary
sex ratio
males:females
litters 1 & 2
combined

Mean
interval in
days between
litters

11.3+1.2

17.2+1.8

49:43
(1.0:0.88)
113:140
(0.81:1.0)

21.8+2.4

9.6+0.94*

11.0+1.7

14.3+1.3*

j

16.8+2.8

9.1+0.56**

14.2+0.83**

2
X = 0*
(df 1)

t = 0.8195*
(df 18)

t = 1.0738*
"(df 17)

x2 = o **
(df 1)

t = 1.4269** t = 1.2325**
(df 16)
(df 14)

43:47
(0.92:1.0)
107:109
(0.98:1.0)

22.5+1.3*

27.8+7.2
24.3+1.6**

2
+
X = 1.67
(df 1)

t = 0.2549*
(df 18)

2
++
X = 0.78
(df 1)

7df 16)

t = 0.7411**

(continued)

to
to
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Table 5 continued
Litter
number

Dose:
mg/mouse/
day

2

Males:
Control
0.085
Females:
Control
0.085

Number of
pairs
littering

4/4
12/12

11.8+1.4

+

4/4
12/12

Mean
litter
size

8.9+0.83

+

11.5+1.9

++

9.3+0.61*

Mean
litter wt
at birth
in gms

Secondary
sex ratio
males:females
litters 1 & 2
combined

Mean
interval in
days between
litters

20.3+3.6

see above

19.8+0.25

13.6+1.3

+

20.3+0.24

18.4+3.0

19.5+0.29

13.4+0.8 2H

25. OF2.

X2 = 0+
(df 1)

t = 1.9081
"(df 15)

t = 2.2543+
(df 15)

t = 1.1094+
(df 16)

X 2 = 0+4

t = 1.5100"
(df 14)

t = 2.3070++
(df 14)

t = 1.0943++
(df 15)

(df 1)

and female control groups in litters one and two were 17.2 +
1.8, 20.3 + 3.6, 16.8 + 2.8 and 18.4 + 3.0 grams respectively.
In the male and female treatment groups, the average litter
weights in litters one and two were 14.3 +1.3, 13.6+1.3,
and 14.2+ 0.83 and 13.4 + 0.82 grams respectively.

There was

a statistically significant difference between the treatment
groups and the control groups by the £-test at P <0.05.

The

_t values were 1.0738 and 2.2543 (df 17 and 16) for litters
one and two in the male treatment group and 1.2325 and 2.3070
(df 14 and 14) for litters one and two in the female treatment
group (Table 5).

Since both the male and female treatment

groups were equally affected, it does not seem likely that
nickel interferes with embryogenesis.

If the ova and/or

spermatozoa were affected, the other parameters would have
been altered too.

Therefore, this observation although

statistically significant may not be biologically significant.
The average secondary sex ratios of all litters delivered
by the control and treatment groups did not vary by more than
chance according to the Chi-square test at P <0.05.

In ex

periment one, the average secondary sex ratios for the control
group in litters one and two were 103 males to 77 females
(1.0:0.75) and 88 to 77 (1.0:0.88).

The ratios in the test

groups for litters one and two were 98 to 94 (1.0:0.96), 96
to 81 (1.0:0.85), 101 to 86 (1.0:0.85), and 96 to 83 (1.0:
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0.87).

The Chi-square values for the data of litters one and

two were 5.50 and 0.02 (Table 4).
In experiment two, the number of pups born in litters
one and two to the control and treatment animals were ^ombined to provide a larger and more meaningful total count.
The ratios of males to females in the male and female con
trol groups were 49 to 43 (1.0:0.88) and 43 to 47 (0.92:1.0).
In the male and female treatment groups the ratios were 113
to 140 (0.81:1.0) and 107 to 109 (0.98:1.0).

The Chi-square

values for litters one and two are 1.67 and 0.78 (Table 5).
Cadmium sterilizes male rats (Gunn, et al., 1965) and
transiently affects oogenesis in prepubertal rats (Kar and
Das, 1962).

Nickel causes testicular atrophy and sperma-

togenic arrest in Swiss albino mice (Kamboj and Kar, 1964).
It was theorized therefore that nickel might affect gametogenesis in adult Rockland albino mice.

To check this, the

number of pairs in each treatment group that littered twice
were recorded.

The final check for this effect was made with

histological sections of the gonads.
The number of pairs of mice littering twice in each
treatment group in experiment one were not significantly dif
ferent from the control groups by the Chi-square test at
P<0.05.

In the control group, the number of pairs littering

in litters one and two were 19 of 21 and 17 of 20.

In the
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treatment groups the number of pairs were 18 of 20, 16 of 17,
20 of 21, and 17 of 18.

The Chi-square values were 0.47 and

1.36 (Table 4).
In experiment two, all of the mice in the male and female
control groups littered twice, that is four of four and in the
treatment groups 16 of 16, 12 of 12, 14 of 14, and 12 of 12.
The results of these data are self-evident and were not statis
tically analyzed.

The decrease in the number of pairs of mice

between litters one and two in both experiments is due to the
death of one or both partners (Table 5).
The secondary sex ratio study provided a check on the ef
fect of nickel on fetal sexual development.

Histological

sections of the gonads of control and treatment animals from
both experiments provided a check on the effect of nickel on
gametogenesis in the adults.

Sections were made of the ovaries

and testes of six pairs of mice in experiment one.

The testes

of nine males and the ovaries of eight females in experiment
two were sectioned.

There were no signs of interstitial

necrosis or of antigametogenesis in any sections.

In the

testes, spermatogenesis was observed in all sections.

The

sections of the ovaries demonstrated active folliculogenesis.
Sections of the gonads of the treated animals were essentially
the same as those of the control animals (Figures 1 - 6 ) .
Since intravenously administered copper sulfate will
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Figure 1: Histological section of the testis of an untreated
Rockland albino mouse. (X260).
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Figure 2: Histological section of the ovary of an untreated
Rockland albino mouse. (X260).
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Figure 3: Histological section of the testis of a sub
cutaneous ly treated Rockland albino mouse. (X260).
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Figure 4: Histological section of the ovary of a subcutaneously treated Rockland albino mouse. (X260).
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Figure 5: Histological section of the testis of an orally
treated Rockland albino mouse. (X260).

mm
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Figure 6: Histological section of the ovary of an orally
treated Rockland albino mouse. (X260).
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induce ovulation in the rabbit (Fevold, et al., 1936) and in
gestion of solutions of molybdenum will make the estrus cycles
of rats irregular (Jeter and Davis, 1954), the question was
asked; will orally and subcutaneously administered nickel
solutions affect the estrus cycle of mice?

Alterations in

the estrus cycle could be demonstrated by an increase in the
interval in days between the fertility test litter and litter
one and between litters one and two (parturition to partu
rition).

In experiment one, the average interval in days

between litters one and two in the control group were 31.2 +
4.0 and 25.5 + 2.3 days.

In the 2.22 milligram treatment

group the intervals were 35.0 + 5.2 and 25.1 + 1.8, respec
tively.

The corresponding intervals in the 8.88 treatment

group were 25.2 + 1.7 and 27.3 + 2.7 days.

The 35.0 + 5.2 day

interval is due to an 108 day interval in one pair.
ing this, the average is 30.7 + 3.1 days.

Exclud

The t values for

these data were 0.6986, 0.1385, 1.3746, and 0.5455 (df 35, 30,
35, and 32) at P <0.05.

These were not significantly dif

ferent (Table 4).
In the second experiment, subcutaneously injected nickel
did not affect estrus as determined by the interval in days
between litters.

The average intervals in days between the

fertility test litter and litter one and litters one and two
for the male and female control groups were 21.8 + 2.4 and
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19.8 + 0.25 in the one and 27.8 + 7.2 and 19.5 + 0.29 days in
the other.

The corresponding intervals in the male and female

treatment groups were 2 2 . 5+1.3, 20.3+0.24, 2 4 . 3+1.6, and
25.0 + 2.7 days.

The t values for these data were 0.2549,

1.1094, 0.7411, and 1.0943 (df 18, 16, 16, 15) and were not
statistically significant at P<0.05 (Table 5).
In order to determine whether orally ingested nickel
cation would have any effect on fetal and postpartum sexual
development, pups born to adults in each treatment group in
experiment one were raised to maturity and mated.

Of seven

brother-sister pairs of mice from the second litter of each
treatment group and the six pairs from the control group which
were mated, all seven pairs of the 2.22 milligram group, and
four pairs in the control and 8.88 milligram groups were
fertile.

The Chi-square value for these data was 3.75 and

was not statistically significant at P<0.05 (Table 6).
The ubiquity of nickel has been reported by McHargue
(1925).

The finding by Schroeder, et al. (1963 and 1964)

and Wase, et al. (1954) that systemically administered nickel
cation was widely distributed in mice suggested the possi
bility that systemically ingested nickel could affect re
production in mammals.

This possibility is especially

important for man when the natural occurrence of nickel in
the human environment is increased by the wide spread usage
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Table 6. Experiment One: The fertility of second generation
mice continuously exposed from conception to adulthood to
the same oral nickel treatment as their parents.

Dosage:
mg/mouse/
day

Number
littering

Control

4/6

2.22

7/7

8.88*

4/7

*X2 = 3.75
(df 2)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

36

of metallic nickel and nickel compounds in such items as metal
alloys, coins, jewelry, petroleum, glass, and ceramics.

The

distribution of orally administered nickel cation to the gonads
and major organs was determined.

The following amounts of

nickel (milligrams per gram wet weight) were found:

ovaries,

0.285; testes, 0.200; liver, 0,050; kidneys. 0.140; heart,
0.460; lungs, 0.133; spleen, 0.305; fetuses, 0.031; and pla
centas, 0.015.

The following amounts of nickel were found in

an untreated animal:

testes, 0.000; liver, 0.010; kidneys,

0.056; heart, 0.063; lungs, 0.075; and spleen, 0.000 (Tables
7 and 8).

The presence of nickel in the control animal may be

accounted for by the nickel content of the food 0.001 milli
grams per gram (Wayne Lab-Blox) and drinking water 0.001 mil
ligrams per milliliter.
Since the main purpose of this study was to determine the
effect of orally and subcutaneously administered nickel upon
reproduction, its effects by intragonadal injection were not
studied.

This limitation was an attempt to parallel accidental

ingestion of nickel by man from his environment.

This study

is one possible way to measure the effect of nickel on mouse
reproduction.

Following are other ways:

1) The effects of

intragonadally injected nickel on mouse reproduction should
be examined.

This should involve determining the least ef

fective antigonadal concentration of nickel.

In addition,
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Table 7: Nickel content in milligrams per gram of pups
of orally treated and untreated adults in experiment
one.

Dose:
mg/mouse/
day

Analysis
1

2

3

Control

0.0001

0.0002

0.0000

2.22

0.006

0.001

0.015

8.88

0.019

0.003

0.004
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Table 8: Nickel content in milligrams per gram of orally
treated animals and of a control animal in experiment one.

Treatment animals
8.88 mg/mouse/day

Control animal
untreated

1

2

Testes

0.200

0.200

Liver

0.078

0.013

0.077

0.033

0.010

Kidneys

0.022

0.040

0.260

lost

0.056

Heart

0.500

0.120

1.000

0.220

0.063

Lungs

0.053

0.062

0.047

0.370

0.075

Spleen

0.500

0.150

0.470

0.101

0.000

Fetuses

0.016

0.056

Placentae

0.035

0.010

Ovaries

0.250

0.320

_ Organ

3

4

0.000
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this study should determine whether or not the effect is per
manent.

2) The effects of injections of nickel solutions into

the amnion beginning with the second week of gestation on
fetal development should be determined.

This starting point

would provide fetuses large enough to handle easily.

Since

the concentration of orally or subcutaneously administered
nickel that crosses the placental barrier of Rockland albino
mice may be too low to effect the fetus, direct intrauterineintraamnion injections might yield some evidence of altera
tions in fetal sexual development.

3) The determination of

whether intravenously injected nickel will cause the mouse
to ovulate.

4) The species and strain specificity demon

strated for cadmium (Chequoine and Suntzeff, 1965; Gunn,
et al., 1965; and Waites and Setchell, 1966) should be tested
for nickel.

The effect of orally and subcutaneously admin

istered nickel to several strains of mice should be observed
using- parameters such as outlined in this study.
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SUMMARY AND CONCLUSIONS
The purpose of this study was to determine whether nickel
cation, as nickelous nitrate hexahydrate, has an effect on
the reproductive efficiency of Rockland albino mice.

The

parameters measured were litter size, weight, and secondary
sex ratio; the interval between litters (parturition to par
turition); and the number of pairs that littered twice.

These

parameters tested the effects of nickel on placentation, fe
tal sexual development, and the estrus cycle.

Histological

sections of the gonads of adult mice from this study checked
the effects of nickel on gametogenesis.
The first step in this study was to determine the L D ^
by the intraperitoneal, subcutaneous, and oral routes.

The

results, in milligrams per kilogram of body weight, were 21.7
(18.3-25.0) and 3.6 (3.0-4.2), and 15.54 (10.52-20.88) milli
grams per mouse per day, respectively.

No apparent differences

in response between the sexes of the mice were observed in the
tests.
Based upon

^ata t*ie following dosages for the re

productive experiments were selected:

experiment one (oral

administration), 2.22 and 8.88 milligrams per mouse per day
for 56 days or the length of time it took to litter twice.
40
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In experiment two (subcutaneous administration), 3.0 milli
grams per kilogram of body weight or 0.085 milligrams per
mouse per day was administered for 90

consecutive days to a

group of

males and for 10 consecutive days postpartum toa

group of

females.

route as

the experimental groups were set up.

Controls receiving water via the same

Nickel had no affect on the reproductive efficiency of
the Rockland albino mouse under the conditions of this study.
The average litter sizes of the treatment groups in experi
ments one and two were not statistically different from the
control groups.

Thus, placentation did not appear to be

interrupted in either experiment.

The secondary sex ratios

in both experiments were unaffected by nickel cation.

This

demonstrated that fetal sexual development proceeded nor
mally under the influence of nickel.

The regularity of the

estrus cycle was unaffected by the administration of nickel
by either the oral or subcutaneous routes.

This was evi

denced by the uniformity of the interval between litters
(parturition to parturition).
Second generation studies were conducted to determine
whether the placental transfer of nickel and its subsequent
oral ingestion in milk or water would affect reproductive
efficiency.

Nickel did not appear to affect pre- and post

natal fetal sexual development in this experiment.

The data
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obtained in this study were not statistically significant.
The lack of effect of nickel on fetal sexual develop
ment, postnatal sexual maturation, and gametogenesis was
further substantiated by means of histological sections of
the gonads of the control and test adults in experiments
one and two.

There was no evidence of gonadal necrosis,

antispermatogenesis, or inhibition of follicular develop
ment.
The absorption and distribution of orally ingested nickel
cation was determined by chemical colorimetric analysis (Sandell, 1959).

In the treatment group 0.285 and 0.200 milli

grams of nickel per gram (wet weight) were found in the
ovaries and testes, respectively.

None was present in the

testes of a control animal.
It was concluded that nickel cation had no affect on the
reproductive efficiency of the Rockland albino mouse under
the conditions of this study.
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Table 1:
size.

Dose:
mg/mouse/
day

Control
(N=19)
2.22
(N=18)
8.88
(N=20)

The effect of orally ingested nickel cation on litter

Mean

Litter One
Variance
Standard
deviation

10.06

10.39

3.22

0.74

10.89

12.81

3.58

0.84

10.25

10.09

3.18

0.71

Standard error
of mean

2
Pooled s = 11.05
t = 0.7650, df = 35
t = 0.1854, df = 37

Dose:
mg/mouse
day

Control
(N=17)
2.22
(N=16)
8.88
(N=17)

Mean
litter
size

Litter Two
Variance
Standard
deviation

10.20

12.31

3.51

0.91

12.00

5.33

2.31

0.58

9.93

11.07

3.33

0.86

Standard error
of mean

Pooled s2 = 9.47
t = 0.2373, d f -= 29
t = 0.1037, df = 28
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Table 2: The effect of subcutaneously injected nickel cation
on litter size sired by treated males.

Dose:
mg/mouse/
day

Control
(N=4)
0.085
(N=16)

Mean •

Litter One
Variance
Standard
deviation

11.25

5.58

2.36

1.18

9.63

13.98

3.74

0.94

Standard error
of mean

Pooled s2 - 12.58
t = 0.8195
df = 18

Dose:
mg/mouse/
day

Control
(N=4)
0.085
(N=13)

Mean

Litter Two
Variance
Standard
deviation

11.75

7.58

2.75

1.38

8.94

8.94

2.99

0.83

Standard error
of mean

Pooled s2 = 8.67
t = 1.9081
df = 15
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Table 3: The effect of subcutaneously injected nickel cation
on litter size delivered by treated females.

Dose:
mg/mouse/
day

Control
(N=4)
0.085
(N=14)

Mean

Litter One
Variance
Standard
deviation

11.00

11.33

3.37

1.68

9.07

4.38

2.09

0.56

Standard error
of mean

2
Pooled s = 5.68
t = 1.4269
df = 16

Dose:
mg/mouse/
day

Control
(N=4)
0.085
(N=12)

Mean

Litter Two
Variance
Standard
deviation

11.50

15.00

3.87

1.94

9.25

4.39

2.09

0.61

Standard error
of mean

2

Pooled s =6.66
t = 1.5100
df = 14
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Table 4: The effect of subcutaneously injected nickel cation
on the litter weight of litters sired by treated males.

Dose:
mg/mouse/
day

Control
(N=4)
0.085
(N=15)

Mean

Litter One
Variance
Standard
deviation

17.23

13.58

3.69

1.84

14.33

24.90

4.99

1.29

Standard error
of mean

Pooled s2 - 22.90
t = 1.0738
df = 17

Dose:
mg/mouse/
day

Control
(N=4)
0.085
(N=13)

Mean

Litter Two
Variance
Standard
deviation

20.25

51.30

7.16

3.58

13.55

20.91

4.57

1.27

Standard error
of mean

Pooled s = 26.99
t = 2.2543
df = 15
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5,1

Table 5: The effect of subcutaneously injected nickel cation
on the litter weight of litters delivered by females treated
for 10 days following parturition.

Dose:
mg/mouse/
day

Control
(N=4)
0.085
(N=12)

Mean

Litter One
Variance
Standard
deviation

16.75

31.78

5.60

2.80

14.16

8.32

2.89

0.83

Standard error
of mean

2
Pooled s = 13.26
t = 1.2325
df = 14

Dose:
mg/mouse/
day

Control
(N=4)
0.085
(N=12)

Mean

Litter Two
Variance
Standard
deviation

18.35

35.64

5.97

2.98

13.37

8.10

2.85

0.82

Standard error
of mean

Pooled s2 = 13.99
t = 2.3070
df = 14
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Table 6: The effect of subcutaneously injected nickel cation
on the interval in days between litters (parturition to
parturition) of litters sired by treated males.

Dose:
mg/mouse/
day

Control
(N=4)
0.085
(N=16)

Mean

Litter One
Variance
Standard
deviation

21.75

23.58

4.86

2.43

22.50

28.53

5.34

1.34

Standard error
of mean

2
Pooled s
= 27.71
t = 0.2549
df = 18

Dose:
mg/mouse/ day
—

Control
(N=4)
0.085
(N=14)

Mean

Litter Two
Variance
Standard
deviation

Standard error
of mean

19.75

0.25

0.50

0.25

20.29

0.84

0.91

0.24

Pooled s =-0.73
t = 1.1094
df = 16
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Table 7: The effect of subcutaneously injected nickel cation
on the interval in days between litters (parturition to
parturition) of litters delivered by females treated for 10
days postpartum.

Dose:
mg/mouse/
day

Control
(N=4)
0.085
(N=14)

Mean

Litter One
Variance
Standard
deviation

27.75

206.25

14.36

7.18

24.29

36.07

6.01

1.61

Standard error
of mean

2
Pooled s = 67.98
t = 0.7411
df = 16

Dose:
mg/mouse/
day

Control
(N=4)
0.085
(N=13)

Mean

Litter Two
Variance
Standard
deviation

Standard error
of mean

19.50

0.33

0.58

0.29

25.00

96.50

9.82

2.72

2
Pooled s =77.27
t = 1.0943
df = 15
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Table 8: The effect of orally ingested nickel cation on
the interval in days between litters of treated pairs of
mice compared with untreated controls.

Dose:
mg/mouse/
day

Control
(N=19)
2.22
(N=18)
8.88
(N=18)

Pooled s2 =
t = 0.6986,
t = 1.3746,
*Less a 108
s = 12.82,
df = 34.

Dose:
mg/mouse/
day

Control
(N=17)
2.22
(N=15)
8.88
(N=17)

Mean

Litter One
Variance
Standard
deviation

31.16

296.70

17.22

3.95

35.00*

486.59

22.06

5.20

54.54

7.38

1.74

25.22

Standard error
of mean

279.61
df = 35
df = 35
_
?
day interval the data w$ire X = 30.71, s = 164.35,
S.E.X. = 3.11, pooled s^- = 174.45, t = 0.1025 and

Mean

Litter Two
Variance
Standard
deviation

Standard error
of mean

25.53

89.27

9.45

2.29

25.07

48.35

6.95

1.80

27.29

124.22

11.15

2.70

Pooled s2 = 88.97
t = 0.1385, df = 30
t = 0.5455, df = 32
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